Background: Nivolumab and pembrolizumab, two PD1 inhibitors, trigger immune-related adverse events in approximately 50% of patients. Our objective was to determine whether these immunerelated adverse events are associated with patient outcomes. Patients and Methods: Retrospective cohort study, realized at the Institut Universitaire du Cancer de Toulouse, of all the patients treated with nivolumab or pembrolizumab off clinical trials. We included patients (i) diagnosed with unresectable stage III or stage IV melanoma or with recurrent stage IIIB or stage IV non-small cell lung cancer (ii) on nivolumab 3mg/kg or pembrolizumab 2mg/kg every 2 or 3 weeks respectively. Results: Of the 311 patients included (of 641 eligible subjects), 120 (38.6%) had melanoma and 191 (61.4%) had non-small cell lung cancer; 241 (77.5%) were treated with nivolumab with a median followup of 24 months (20-29). We observed 166 immune-related adverse events in 116 (37.3%) patients, categorized as "early" (onset before 12 weeks in melanoma and before 8 weeks in lung cancer) in 63 (54.3%) patients. Early and late adverse events were significantly associated with an increase in overall survival: adjusted hazard ratio 0.58 [0.41-0.84] (p = .003) and 0.28 [0.16-0.50] (p < .001) respectively. The overall response rate was significantly increased in patients with an immune-related adverse event (53.9% vs 12.9%, p < .001) Conclusions: This study validates the association between immune-related adverse events and anti-PD1 efficacy in real-life, especially if these events are delayed. Our results, along with further studies on the place of immunosuppressive drugs in the therapeutic strategy, could improve the management of these adverse events.
Introduction
The development of immune checkpoint inhibitors is one of the most recent major advances in oncology. These agents are intended to unleash the power of the immune system in order to destroy tumor cells. At present, immunotherapy in routine practice consists mainly of anti-PD1 (programmed cell death-1) and anti-PD-L1 (programmed cell death ligand-1) antibodies. Nivolumab and pembrolizumab are the first two anti-PD1 to have been studied and demonstrate a substantial survival benefit compared to prior standard melanoma 1, 2 and NSCLC [3] [4] [5] (nonsmall cell lung cancer) treatments.
Although, immune-related adverse events (irAEs) occur in approximately 50% of patients treated with anti-PD1 monotherapy. These irAEs may concern any organ or system, with variable clinical severity and implications, leading to anti-PD1 discontinuation in approximately 10% of patients. Steroids or, more rarely, immunosuppressive drugs (IS) may be required to control irAEs. The management of irAEs has been the subject of recent ASCO guidelines 6 and remains largely based on expert consensus.
The occurrence of irAEs has been found to be associated with favorable outcomes in melanoma, NSCLC and metastatic renal cell carcinoma. This supports the hypothesis of a mechanistic link between antitumor response and autoimmune reactivity. Although this relationship has been well documented with nivolumab and in clinical trials, it has been less studied in real life and with other anti-PD1 besides nivolumab. In addition, current data on the impact of specific types of irAEs on outcomes are not entirely consistent.
The aim of this cohort was to report on the efficacy and safety of nivolumab or pembrolizumab in patients with advanced melanoma or NSCLC with different clinical profiles, in real-life clinical practice.
Methods

Patients
We conducted a retrospective cohort study in all consecutive patients treated with nivolumab or pembrolizumab off clinical trials at the Toulouse University Cancer Institute (Institut Universitaire du Cancer de Toulouse {IUCT}, France), a tertiary referral center for cancer. All the patients who were included were 1) diagnosed with unresectable stage III or stage IV melanoma, or with recurrent stage IIIB or stage IV NSCLC, 2) over 18 years of age, 3) treated with anti-PD1 monotherapy, and 4) had received the first dose of anti-PD1 between September 19, 2014 and December 31, 2016. The patients were identified through the IUCT chemotherapy production unit register.
The following clinical, biological and radiological data were collected at baseline: a) age, gender, smoking status, ECOG-PS (Eastern Cooperative Oncology Group -Performance Status), medication; b) cancer type and histological subtype, mutational status, TNM staging according to the AJCC Cancer Staging Manual, 7th edition, 29, 30 metastatic sites, time since cancer diagnosis and the number of prior treatment lines.
Patients were treated with nivolumab 3mg/kg or pembrolizumab 2mg/kg every 2 or 3 weeks respectively until confirmation of disease progression or unacceptable toxicity. Tumor assessment was performed according to the Response Evaluation Criteria in Solid Tumors (RECIST version 1.1). 31 In cases where pseudoprogression was suspected, tumor assessment was postponed until a subsequent assessment. IrAEs were recorded and reviewed by the principal investigator (RD) up to one month after the last administration. To be taken into account in this study, the causal relationship between the irAE and the anti-PD-1 had to be "certain" or "probable" according to the World Health Organization Uppsala Monitoring Center scale. 32 The following data were reviewed: grading (according to Common Terminology Criteria for Adverse Events, version 5.0), medications administered to treat irAEs and the irAE outcomes.
Outcomes
The overall response rate (ORR) was defined as the proportion of patients in whom the best objective response was a complete response (CR) or a partial response (PR). Progression-free survival was defined as the time that elapsed between the date of the first injection of anti-PD1 treatment and disease progression or death (progression-free survival [PFS]). Overall survival was defined as the time that elapsed between the first treatment injection and death (overall survival [OS] ). The cutoff date for early and late irAEs was set at 12 weeks for melanoma patients and 8 weeks for NSCLC patients. "Digestive" irAEs included immune-related diarrhea, colitis and hepatitis.
Statistical analyses
After corrections for aberrant or inconsistent data, the database was locked. We first described the patient characteristics using the appropriate descriptive statistics according to the type of variables. Descriptive statistics included the median (Inter-Quartile Range (IQR)) for continuous variables, and the number of observations with the frequency (%) for categorical variables. The ORR of the groups was compared using the χ 2 -test (or Fisher's exact test for small data sets). For survival endpoints (OS and PFS), KaplanMeier survival curves were drawn and described using the median (IQR) and 1-year survival. Univariate analyses with a log-rank test were conducted to evaluate the relationship between survival and age, sex, tumor type, histological subtype, mutational status, cerebral metastases, time since cancer diagnosis, the number of prior treatment lines, the anti-PD1 type, time on anti-PD1, steroids at baseline, and irAEs. In the univariate analysis, differences in survival functions were tested using the log-rank test. In the multivariate analysis, HR and 95% confidence intervals (CI) were assessed with Cox model. Variables initially introduced in the multivariate survival analyses were all variables (potential confounding factors) associated with OS or PFS in the univariate analyses with a P-value < 0.20. A backward analysis was then applied until only variables significantly and independently associated with OS or PFS (P-value <0.05) remained. The proportional hazard assumption was tested for each covariate of the Cox model using "log-log" plot curves and was always affirmed. When the linearity hypothesis was not respected, continuous variables were transformed into ordered data using the median. Interactions between independent covariates were tested in the final models. All reported P-values were two-sided and the significance threshold was set at <0.05. Statistical analyses were performed using STATA 14.1 software (StataCorp LP, College Station, TX 77845 USA, www.stata.com).
Ethics
The data were collected as part of routine clinical care in compliance with good clinical practices. The study was approved by the institutional board ethics committee of Toulouse University Hospital and was conducted in accordance with the Declaration of Helsinki.
Results
Patient characteristics
We identified 641 patients treated with nivolumab or pembrolizumab at our institution on January 16, 2018. Three hundred and eleven of these patients met the selection criteria for study inclusion (Supplementary Figure 1) . One hundred and ninetyfour patients were men (62.4%) and the median age was 64 years (iqr: 56-70 years). Past medical history was remarkable for an auto-immune condition in 5 patients (1.6%). One hundred and twenty patients (38.6%) had melanoma and 191 (61.4%) had NSCLC. Two hundred and forty-one patients (77.5%) were treated with nivolumab and 70 (22.5%) with pembrolizumab. The median follow-up was 24 months (iqr [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] .
Of the 120 (38.6%) melanoma patients, BRAFV600 mutation was identified in 38 (31.9%) tumors (Table 1 ). The anti-PD1 treatment was started within a median period of 2 years (iqr 1-5) after the diagnosis of cancer and was nivolumab in 50 cases (41.7%). The median duration of anti-PD1 treatment was 4 months (iqr 2-10).
Of the 191 (61.4%) NSCLC patients, all treated with nivolumab, 19 (10.2%) were never smokers ( Table 2 ). The histological subtype was squamous in 44 cases (23.0%). An EGFR mutation was present in 9 (5.0%) tumors. The anti-PD1 treatment was started within a median period of 1 year (0.6-2) after the diagnosis of cancer. The median anti-PD1 treatment duration was 2 months (1-8).
Efficacy
In patients with melanoma, 1-year OS and PFS were 49% [95%, CI 40-58] and 26% [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] , respectively (Supplementary Table 1 ). Median OS and PFS were 11.6 (iqr 3.4-29.6) and 3.9 (2.2-12.6) months, respectively. The ORR was 33.9%. In patients with NSCLC, the 1-year OS and PFS were 44% [37-51] and 21% [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] , respectively. Median OS and PFS were 9.1 (3.6-28.9) and 2.8 (1.6-10.4) months respectively. The ORR was 25.7%.
Safety analysis
During follow-up, 166 irAEs were reported in 116 (37.3%) patients (Tables 3 and 4) . Multiple irAEs could occur in the same patient: two irAEs in 38 cases (12.2%), three irAEs in 3 cases (1.0%) and four in 2 cases (0.6%). Grade 3-4 irAEs occurred in 22 patients (7.1%) and 3 patients died as a result of myocarditis (n = 2) or pneumonitis (n = 1). The most frequent irAEs were cutaneous: 56 patients (18%), including rash: 28 (9.0%) and pruritus: 20 (6.4%), followed by diarrhea/colitis: 38 (12.2%), and dysthyroidism: 18 (5.8%). IrAEs occurred after a median of 2.3 months (iqr 1.0-5.1). Sixty-four patients (20.5%) experienced at least one early irAE, while 52 patients (16.7%) experienced only late irAE(s). Steroids were used in 43 cases (13.8%) and in conjunction with IS in 2 cases: infliximab (colitis, n = 1) and methotrexate (bullous pemphigoid, n = 1). Anti-PD1 was discontinued due to toxicity in 36 cases (11.6%).
Digestive irAEs, which consisted of 38 cases of diarrhea/ colitis and 5 cases of hepatitis, occurred in 41 patients (13.2% of the study population and 35.3% of the patients who experienced an irAE). These irAEs were given a grade of 3-4 in 9 patients (22.0%), required steroids/IS in 15 patients (36.6%) and the discontinuation of anti-PD1 in 12 patients (29.3%). Of the 5 patients with a preexisting auto-immune condition, each of 4 patients (80%) experienced one irAE, with a grade of 5 in one instance. In melanoma patients, rash, vitiligo and diarrhea/colitis occurred more frequently than in patients with NSCLC (14.2% vs 5.8%, 5.8% vs 0.5%, and 15.8% vs 9.9% respectively). Moreover, grade 3-5 irAEs were more frequent (10.8% vs 4.7%), steroids/IS were used more often (17.5% vs 11.5%) and anti-PD1 discontinuation was more common (13.3% vs 10.5%). 
Relationship between irAEs and survival
In the univariate analysis, any irAE, digestive irAEs, cutaneous irAEs, endocrine irAEs and irAEs grouped by early/late onset were significantly associated with an increase in OS: median 
Relationship between irAEs and tumor response
There was a significant increase in overall response rate in patients with an irAE regardless of the type (53.9% vs 12.9%, p < .001) ( Table 6 ). Compared to patients who did not experience a specific type of irAE, the ORR was significantly higher in patients with cutaneous irAEs (66.1% vs 20.3%, p < .001), an immune-related rash (57.1% vs 26.0%, p < .005), endocrine irAEs (50.0% vs 27.3%, p = .024) and digestive irAEs (43.9% vs 26.6%, p = .023) ( Table 6 ). In the irAE group, the ORR was significantly increased in patients with late irAEs compared to early irAEs (71.2% vs 39.7%, p < .001) but was not significantly different in patients treated with steroids/IS compared to untreated patients (47.6% vs 56.9%, p = .336).
Discussion
Our results confirm that the occurrence of irAEs is a favorable prognostic indicator, with nivolumab or pembrolizumab. Furthermore, we identified a relationship between ORR and various types of irAEs, in particular digestive irAEs. Lastly, we found that the relationship between irAEs and treatment efficacy is stronger if the irAEs occurs late in the course of anti-PD1 treatment.
To the best of our knowledge, this is the first French retrospective series to describe the impact of nivolumab and pembrolizumab-induced irAEs on prognosis and survival in patients with melanoma and NSCLC. This study was conducted in a real-life setting by oncologists with an extensive clinical activity outside of clinical trials, in a cohort of consecutive patients with end-stage metastatic cancer. One hundred and five patients (33.8%) would not have met the eligibility criteria of the first clinical trials 1-4 because of active cerebral metastases or an ECOG-PS of 2 or 3. Moreover, 73 patients (23.5%) received nivolumab or pembrolizumab by means of an early-access program (the nominative temporary authorization). No NSLC patient received treatment with pembrolizumab because it was not yet approved at the time the study was conducted. The relationship between any irAE and patient outcomes should be interpreted by taking into consideration individual contributions of specific types of irAEs. Cutaneous irAEs, rash and vitiligo in isolation, have been consistently associated with favorable outcomes, 8, 9, 13, 16, 17, 20, 23, 24, 26, 27 except in one study in which the frequency was fairly low. 25 In our study, OS, PFS and ORR were consistently found to be superior in patients who experienced cutaneous irAEs or rash. Endocrine irAEs, all analyzed together or by taking into account single immune-related thyroid dysfunctions, have also been reported to be a favorable prognostic indicator, 9, 11, 20, 22, 24, 26 with only one exception. 25 In our study, endocrine irAEs were significantly associated with OS, PFS and ORR, even though only 7.1% of our patients experienced such irAEs, compared to approximately 10-15% in the literature.
The relationship between gastrointestinal and/or hepatic irAEs and treatment efficacy is unclear. Gastrointestinal irAEs have been most frequently described as favorable 20, 24, 26 or neutral 22, 28 prognostic factors. Nevertheless, Ksienski and al. 25 reported a negative univariate relationship between colitis and OS in 271 NSCLC patients treated with anti-PD1. However, this effect was not observed in the multivariate analysis. In our study, digestive irAEs were significantly associated with an increase in OS and PFS in the univariate, but not in the multivariate analysis. We believe this can be explained by different diarrhea/colitis profiles. In fact, 12.2% of the patients experienced diarrhea/colitis in our cohort, compared to 6.6% in the study by Ksienski and al., which probably reflects a higher incidence of grade 1-2 episodes in our series. In terms of hepatitis, the relationship with survival was found to be not significant in 4 studies 20, 22, 25, 28 and significantly negative in one. 26 In fact, in the work by Verzoni et al. 26 on 389 patients with renal cell carcinoma, the 1-year OS was 42% in the 7 patients who had hepatitis, versus 63% in the overall population. Conversely, the 1-year OS in our 5 hepatitis patients was 80% compared to 43% in the whole sample. Due to the small numbers and the cancer types that are different in the two studies, definite conclusions cannot be drawn on this point.
In this work, we describe a relationship between the onset of irAE and survival, with a 2-to 3-fold change in HR in favor of late vs early irAEs, and between the onset of irAE and ORR. On the contrary, Verzoni et al. found that the 1-year OS was comparable in the early onset (< 6 weeks) and late onset (> 6 weeks) irAE groups: 78.7% vs 85.2% (p = .34). These discrepancies may be due to different cutoff points between early and late irAEs, i.e. 12 weeks for melanoma patients and 8 weeks for NSCLC patients in our study. The cutoff points were chosen to match the median time to irAE (2.8 months for melanoma patients and 1.9 months for NSCLC patients, respectively). The rationale for a relationship between irAEs and outcomes dependent on the timing of the irAE onset remains elusive.
Steroids are often used in the management of anti-PD1 irAEs. Theoretically, steroids have immunosuppressive properties and could decrease the efficacy of anti-PD1. Current data is reassuring since the reported anti-PD1 outcomes are similar in patients treated with steroids for irAEs and patients experiencing irAEs who do not require the use of steroids. 18, 33 In this study, we show that steroids used to control irAEs have a negative impact on PFS, but not on OS. These results, obtained from real-life data, unlike prior reports, 18, 33 deserve further investigation to determine whether steroids could shorten antitumor response duration.
The retrospective nature of this study exposes us to the risk of information biases. However, we implemented a process of reviewing medical records that enabled standardization of the definition of irAEs, causal relationship assessment and grading. Furthermore, we believe that selection biases were prevented as a result of the exhaustive method of patient inclusion by consecutive patients from a cohort recorded in the pharmacy register. Various confusion factors were accounted for in the multivariate analysis, except for PD-L1 expression due to insufficient available data. In addition, the statistical analysis clustered melanoma and NSCLC patients for increased reliability. On one hand, this choice was justified by the similarity of patient outcomes in the two tumor groups, notably the 1-year OS: 48% in the melanoma group vs 43% in the NSCLC group. Our cohort was an extensive study on real-life utilization of nivolumab or pembrolizumab in patients with advanced cancers. Therefore, overall survival in the melanoma group tended to be lower than that reported in phase 3 studies, ranging between 68 and 73%. 1, 2 On the other hand, cancer type was not retained as significant during the variable selection phase in the multivariate modeling. Lastly, our data do not allow extrapolation of the prognostic impact of irAEs induced by checkpoint inhibitor combinations or by pembrolizumab in NSCLC patients.
In conclusion, in a real-life setting, this study validates the relationship between irAEs and anti-PD1 efficacy in melanoma and NSCLC patients who are either on nivolumab or pembrolizumab, and highlights the importance of the delay in the occurrence of irAE in this relationship. Nevertheless, proper management of cancer patients experiencing irAE remains a challenge in daily clinical practice. Further studies aimed at investigating optimal steroid dosing and timing, the place of immunosuppressive drugs in the therapeutic strategy and the benefits and risks of anti-PD1 rechallenge after discontinuation for toxicity will help to improve patient outcomes.
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